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(g) Resist composition and pattern formatibn process. 



@ A high energy radiation-sensitive, pattem-fonming resist composition connprising a pojymer of the 
formula (1) ; . 
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in which represents an alj<yl jgroup, cyano group, -CHjOH or -CH2CQ2R wherein R represents an alkyl 
group, R2 represents a hydrgc^^pn group containing at |east on9 silicon atcnii R3 repires^nts a group 
capable of causing crosslihlgn^^^ pdymer upph^ap^HSatipn pf heat, and in and n each is an integer. 
The resist coitippsitibn Is pa%culari as a top layer resist of the resist system, and the 

exposed top layWr reslsi can be stably developed bbcaiise of a remarkably inaeased difference of the 
solubility in the developer. of the expfosed and unexposed areas' thereof. . 
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RESIST COMPOSITION AND PATTERM FORMATION PROCESS 



BACKGROUND OF THE INVENTION 

1. Field Qf the Invention 

The present Invention relates to a resist composition, more partlculariy. it relates to a high energy radla- 
tion-sensltive, pattem-fonning reslst.composiHon. This resist composition is particularly useail as a top layer 
resist In a bi-level resist system because, after a pattering exposure, the resist can be stably developed due 
to a remarkably increased difference of the solubility in the developer of the exposed and unexposed areas 
thereof. The present resist composition has an excellent resistance to oxygen reactive ion etching (O2 RIE). 
The present invention also relates to a process for the fonmation of resist patterns using the resist composition 
of the present Invention. The resist compositioii and pattern fbrmatlori process of the present invention can be 
advantageously utilized in particular in the prbcfess of the fomiation of multilayer wiring during the production 
of semiconductor devices such as integrated circuits. (ICs), large-scale integrated circuits (LSIs), and ultra-' 
large-scale integrated circuits (ULSIs), 

2. Description of the Related Art. 

A thin-film forrtiation technology and photolithography or electron beam lithography are widely utilized In 
the production of electronic circuit devices with fine circuit patterns, for example, semiconductor devices, mag- 
neUc bubble memory devices and surface wave filterdevices. and as an example thereof, the present descrip- 
tion is of a production of wiring patterns. Namely, an electrically conductive layer, electrically insulating layer 
or other thin layer(s) are fonned on a substrate by conventional physical methods such as vacuum deposition 
or sputtering, or cpnventional chemical methods such as chemical vapor deposition (CVD>. and after the for- 
mation of such wiring layer,.a.reslst Is spin-coated to fonn a resist layer. The resist layer is then pattern-wise 
expos9d to radiations such as ultraviolet (UV) radiations, and then develdpeid to form resist patterns. Subse- 
quent to the fonnation of resist pattems, the underlyirig wiring layer is wet-etched or dry-etched, using the resist 
patterns as a mask, and thus conductwe fine patterns, insulating.fihe jpattems or other fme pattems are formed 
on the substrate. Note, the tenri "substrate" used herein is Intended to mean the substrate Itself or the electrically 
conductive layer, electricany insulating layer or other thin layer(s) fomned on the substiite. 

Recently, to satisfy the requirements for a minimum pattern width of less than 1 m the resist patterns, 
an electron beam exposure is frequentiy used instead of a UV exposure to fonri resist patterns. Namely, after 
coating of an elecb-on beam-sensitive resist, an electron beam having a reduced be^m diartieler is scanned 
over the resjst to conduct a direct pattern-wise exposure. The EB-expbsed resist is then developed with a suit- 
able developer, and superior fine ri^sist pattems are thus obtained. Note, a wavelength of the electron beam 
can vary depending upon the specific level of the ap^^ 

Referring to the above-described fomiation of wiring patterns, this is generally cam'ed out on a single-layer 
resist system, but this system Is not suitable for the production of recently developed semiconductor devices 
bepause. in the process for the production bfTec^ntsemiconductordevicessuchas very^arge-scale integrated 
circuits (N/LSls) or ULSIs, to increase a degree of Ihtegrafibn of the drcuits, conventionally the wiring Is con- 
stituted as multilayer wiring/and as a result, step piortions haying a height of 1 to 2 pm are fbrnied on a surface 
of the substrate. thisTonnation of the stepped portions is a bar to the obtaining of fine resist pattems with a 
high accuracy. Note, the single-layer resist system can not renw 

To solve the problem due to the stepped portions on the substrate surface, a bHevei resist system was 
developed, and is now vvidely utillziad In the production of VLSls. ULSIs and other devices. Generally, the bi- 
ievel resist systeri is cam*ed out as follows. 

First, an organic resin which can be easily dry etched with oxygen (O2) plasma, such as a phenolic novolak 
resin, is spin-coated at a layer thickness of about 2 urn on a substrate such as a semiconductor substrate, and 
baked to form a bottom layer resist, whereby an uneven surface of the substrate Is levelled. Thereafter, b top 
layer resist is coated at a thickness of about 0.2 to 0.3 |im over the surface of the bottom layer resist to form 
a bhievel resist structure. Various polymeric materials can be used as the top layer resist. The positive-woridhg 
EB resist used as the top layer resist dan be dissolved in a developer as a result of a session of polymer chain 
upon the EB exposure, butthe unexposed area of the top layer resist can retain the excellent resistance thereof 
to P2 plasma, since the resist in this area is not exposed to EB. 

After the formation of the bMevel resist stmcture, the top layer resist Is pattern-wise exposed and developed 
to form a pattern of the top layer resist, and then, using this pattern as a mask, the underiying bottom layer 

2. 
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resist is selsctiveiy etched with P2 plasma. The pattern of the upper layer resist Is transferred to the bottc 
layer resist. 

In this bl-levei resist system, since the bottom layer resist can prevent an undesirable influence of the ste 
of the underlying substrate on the patterning, arid a reflection of exposing radiations by the substrate suifac 

5 and further, the top layer resist can be used at a reduced layer thickness, it beconies possible to remarlcaf 
increase ti>^ resolutibh of the resjs^ 

As a previously described. Various polymers can be'used as the toplayerreislst Nevertheless, none there 
fully sat'sfies the requirements for tlie top layer resist to be exposed to high energy radiations such as electn 
beams and X-rays. For example^ Tanaka et al teach in Preprint, 29p-H-6, of 1985 Spring ^mpbsium of Japi 

10 Society of Ai3plied Physics, thatthe polymerof the following formula (IV), i.e., a polymerof a-substituted acryls 
containing a silicon atom in an ester rholety thereof, can be used as a positive-working resist having ah excelle 
resistance to O2 RIE (oxygen rjBacti\(0 ion etching): 
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in which 

R' represents a hydrocarbon group exclusive of hydrogen, a halogen atom or halogenated alkyt group, 

. R** represents a silicon-containing atkyi group such as *CH2SI(C^ 
ever, that many, of the resist polymers of the fonfnuia (ISO can be rapidly dissolved, in an organic soKrisnt (with 
25 . several seconds), and therefore, they can not be stably developed after an expb^ 

To avoid this problem, Tanaka et al also teach in the same Preprint 29p-H-6' that methaciyiic acid of tl 
formula: 



CH3 .•• 
■ .• ■ 2-. 1 ■ 

COpH 

can be mixed with a-substitiited acrylate.of the fdrmuia: 

2-. I- ..■ 
C00CH2Si(CH3)2 

. to form the polymer of the following formula (V): , . 



-^^V? ) m . ^ ^"2-|"^ (V) 

C-O-CH^Si(CH^). C-OH 



O 



in which m and n each is an interger. After coating and before exposure, the resist polymer is heated or baki 
at ah elevated temperature to cause a crosslinkihg thereof. Since the crosslinking can modify a solubility oft) 
coated resist polymer In a developer^ it become possible to conduct d stabler development than with the res 
polymers of the formula (IV), Le.. to increase the types of solvents used as th^ developer. Nevertheless, t! 
55 resist polymers of the formula (V) suffer from serious problenis. Namely, since they have a low sensitivity a 
resolution, the resist polymers can not be used to exactiy reproduce fine patterns. It is therefore desired to pi 
.vide an improved resist polymer having a high sensitivity, resolution and resistance to O2 RIE, and enabling 
stablet developnrient. 
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SUMMARY OF THiE INVENTION 



In view of the above<l6scribed drawbacks of the prior art resist polymers or compositions, one object of 
the present invention Is to provide a novel, high energy radiation-sensitive, pattern-forming resist composifiori 
5 which enables a stable development of the fexposed resist coating, in addition to ahlghsensitlvHy to hlghenergy 
radiations such as electron beams and Xrrays. a high resolution, and a high rBsistance to diy etching Including 
02 RIE. The resist composition Is useful as a top layer resist in the bi-Jevel resist system, 

Anotherdbjectof the present Invention is to provide an Improved process forthe fonmation of resist patterns, 
which process enables the production of fin$ risslst patterns on a substrate h 
id concaves arid cpnvexes. 

To attiain these objects, the Inventors studied many types of polymers, and found that, when the silicon^ 
pontalning a-substihjted acrylate monomer is copolymerized with the a-trifluordmettiyl.acrYlate monomer, the 
resultingsijlconrcbntalning polymeracts as a resist exhibiting a high sensitivity and r^soiution, and can bes4bly 
developed after coating and exposure. - 
:ii In one aspect thereof, the present invention resfdes in a high energy radlation^sensitive, pattern-fbrmlng 
resist coniposition which contafns as. a constitutional component thereof a polymisr of the following general for- 
mula (I): 




(I) 



In which 

Ri represents a substituted or unsubstituted aikyi group, cyano group, -ChjOH or -CH2CO2R wherein 
R represents a. substituted or unsubistiluted alkyi group, 

R2 represents a hydrocarbon group containing at least one silicon atom, 
30 R3 represents a group capable of causing a crosslinking of the polymer upon an applicatioirof heat, and 

m and n each Is an inbrger. . .* . 

In another aspect thereof, the present invention resides In a process for the formation of resist patterns 
which comprisesf the. steps of: . . . ... . • ' 

coating a resist comprising the polymer of th^ 
35 previously fctaldng tfie resulting resist at a temperature ^nd time sufficient to cause a thermal'crosslinklng 

■ • / of the polymer;. . i 

selectively exposing the prebaked resist lohigh ener^^^^ 
therein; and . ^ 

developing the pattern-wise exposed resist to selectively remove the exposed area of the resist 
40 ' Note, as previously mentioned, the substrate may include the substriate Itself, such as a semiconductor 
substrate (for example, silicon or SOI. silicon-on-insulator) or any layer or coating formed on tiie.substrate sur- 
face, such as an electrically conductive layer, eleetrically Insulating layer or other th|n layer(s) (for example, 
Si02 layer or aluminum layer), and high energy radiations used as an exposure source rnay Include different 
radiation sources conventionally used In the field of lithpgraphy, such as electron beams (EB). X-rays, soft X- 
45 rays, ton beams, ultfavlplet(U\0 radiations o^ - 

The resist composition of this present Invention is particularly useful as a top layer resist of the bl-level resist 
system, and the exposed top layer resist can be stably developed because of a remaricably increased difference 
of the solubility In the developer of the exposed and unexposed areas ttiereof. Of course, the resist composition 
can exhibit a highsensitivity, high resolution and high resiste^^^ 
50 on the substrate with a high accuracy. 

BRIEF DESCRIPTION OF THE DRAWING 



55 



Figures 1A to 1H are cross-sectionai views showing, in sequence, the resist process of the bl-Ievel resist 
system according to the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As briefly mentioned in the previous paragraphs, the silicon*contalning polymer used as a constitution 
component of the . resist composition according to the present invention can be produced , by copolymerizii 
5 the silicon-containing a-substituted acrytate monomer with the a-trifluoromethyl acrylate ntonomer. More p2 
ticulariy. the copolymeiizatioh can be carried out by copolymerizing the silicon-containing a-substituted acryla 
monorner of thageheral formula 01) . 

10 ' ?1. 

" ? ... (il) 

G-O-R^ 

15, .* . 

in which Ri and R2 are as defined above, with the a-trffluoromethyl iacrylate monomer of the general fonmu 
GHj = C . ... (Ill): 

• C^R, • . 
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in which R3 is as defined above. .1' 

The silicon-containing polymer used in the present invention preferably has a molecular weight of 5,0( 
to 1,000,00Q, and a silicon content of at least ^9^^^^ 

The reasons why the siiicqn-contafninig polymer of the present invention can exhibit excellent resist prope 
30 ties have not been conil^letely elucidated, but it is considered to be because a decompositipn efficiency of tl 
backl^ne of the polymer during an exposure to radiation is. notably increased las.a result of the introduction 
an eiectroh withdn^Vying trifluoromethyl (CF^^^^^ adduct to a carbon atom of the bacld)pne of tl 

polymer,, and because a solubility otthe unexppsiad area of the resist in the develpper is modifi<|d as a rest 
of the introduction of a thermal crpsslinJting-inducIng group such as -OH, -OC(eH^3. -NH2 or -NHC 
35 . the polymer stnictiire^ and pret>9king of the resist coating before the exposure step. Itcahnpt be ielxpected fro 
the prior art references that, according to the present inventibri, a remarkably ihcreased diffciirence of the s< 
ubility in the developer of the exposed and unexposed areas of the resist can be attained, and therefore, tl 
exposed resist can be stably deydloped. Namely, according to the present Invention, the scope of the usab 
organic solvents used as the developer can be significantly expanded. 
40 In the general fonnula (I) representing the silicon-containing polymer of the present invention, the su 

stituent Ri attached to a carbon atom of the polymer backbone is preferat)ly -CHa, -Cpa, -CN, -CH2OH 01 
CH2CO2R wherein R Is an alkyl. group of 1 to 5 carbon atoms, R2 is preferably CH2Si(CH3)3, (CH2)fSi(CH: 
(f=0-5), (CH2)(CH(CH3).Si(GH3)3 (e=0-5). (CH2)fC(CH3)2Si(eH3)3 (?=b-5j, (CH2),Si(CcH5)(CH3)2 (f=0-: 
(CH2)fSi(CfiH6)CH3 (e=0.3). (Crii)fSKCeH6)3 (f^O-S) or (CHa)/ SI(CH3)2Si(CHa)3 (f =0-3). and % la preferabi] 
45 OH,-OC(CH3j3-NH2.or-NHCHiOH. 

The resist compdsltlbh accbMihg to the present invention is positive-working, and can be advantageous 
used in both the single-layer resist system and bi-level resist system. More preferably, the resist compositii 
. canbeusedas a topiayerresi^tinthebi*tevelresistsyst 

The bi-leyet resi$t system-based pattern fonrnation process according to the present invehtioh can be a 
50 ried out, for example, in the manner outlined in the accompanying drawings: Figs. 1 A to 1H. 

Figure 1 A is a cross-sectional view of the substriate before coating with a resist. The substrate compriist 
a semiconductor 1 with steps and an overcoat layer i2, formed on the substrate 1 , to be processed brfabricatie 
in the illustrated example, the substrate 1 is a silicon, and the overcoat layer 2 is silicon^dioxide (^iOa) produo 
. by 9 wet oxidation of the. silicon substrate 1 . It is intended to open windows 5 in the Si02 laypr 2 as shown 
55; Fig-IH. 

First, as shown in Fig. 1B, to level the steps of the substrate, an organic resin such as a phenolic novo! 
resin (for example, -OFPR** commercially available from Tokyo Ohka Industries Co., Ltd. or "MP-130O" coi 
mercialty available from Shipley & Co.) Is coated at a layer thickness of about t to 3 ^m onto the Si02 laye) 
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. . to form a bottom layer resist (or ''levelling layer^ 3. 

After the levelling of an uneven surface of the substrate, the resist composibon of the present invention Is 
iapplied to the surface of the prevfously formed bottom layer resist 3 to form a top layer resl^ 4 (see, Rg. 1 C). 
Preferably, the resist composition Is applied from a solution thereof In orgarilb soh/ents such as alcohols/ 
5 ketones and ethers onto the substrate surface, and a layer thickness of the thus formed top layer resist Is pref- 
erably about 0.1 to 0.5 urn. As Illustrated in Rg. 1C. a bHevel resist structure consisting of the bottom layer 
resist 3 and top layer resist 4 Is thus obtained. 

After the formation of the bMevel resist structure and before the pattern-wise exposure of the top layer res- 
ist, the substrate Is pfebaked at an elevated temperature (for example, at 240«C for 5 mln^^ 
10 thermal crosslinking of the silicon-containing polymer of the top layer resist (not shown). The mechanism of 
this prebaking was described in the above paragraphs. 

After prebaking. as illustrated In Fig. 1D, the top layer resist 4 is pattenHwise exposed to exposure radK 
atidns (e*). The exposure radiations used herein are electron beams. The exposed ansa of the tdp layer resist 

4lsMubilized,slncelllspbsiilve-workihg, 

15 The pattern-wise iBxposed top layer, resist is developed by immersing the substrate In a liquid d&yeloper 
capable of selectively dlssoIvlng:the>eslst in the exposed area thereof. As Illustrated in Fig, 1 E, a pattern of 
the top layer resist 4 is formed over the bottom layer resist 3. The pattemed top layer resist 4 contains small 
windpjivs 5 in the exposed areas thereof. 

After the patterning of the top layer resist, using the pattern of this resist as a mask, the underiying bottom 
20 layer resist Is seleistively etched with an etching source such as oxygen plasma (Oi RIE). As a result, as' shown 
: In Fig/ 1F, the pattern of the upper layer resist 4 Is transferred to the bottom layer ^^^^ 
In the above-described bWevel resistsystem/since the bottom layerreis 
ence of the steps of the uridertying substrate on the patfemlng. and a reflisctlon of exposing radiations by the 
substrate surface, and further^ the top layerresist can be used at a reduced layer thickness, it becomes possible 
25 to remarkably increase the resolution of the resist in comparison with the single-layer resist systern. 

Subsequent to the patterning of the bMevel resist structure, the substrate, l.e;, SiOat layer 2 is selectively 
• etched through the mask of the pattemeded resist 3 and 4 as shown in Rg. 1 G. The etching of the SiOz layer 
. can be carrieid out in ac<X)idance with any conventional method, but prefSitbiy this etching is cam'ed out by 

using a wet etching (for example. HF + H26) or dry etching (for example. Rl^^^^ 
30 Afteretching, the riesist used as the mask in the etching step is removed by a suitable solution, or other 
meanis, and thus, as shown In Fig. 1 H. the pattemed SiOj layer 2 is obtained on the silicon substrate 1. 

Although not described herein in detail/the pattern fonrnatipn prqfcess of the present invention dan be 
advantageously utilized in the production of semiconductor devices such as LSIs, Vl-SIs and ULSIs, and other 
devices. ■ 

.35 The present invention will be further described with reference to working examples thereof. Note, in these 

examples, the use of electron beams (EB) as ah exposure source is described, but similar reSulte can be 
obtained when X-rays are used instead of EB. 
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Examplis 1: 

Synthesis of Polymer No. 1 

A same amount (molar ratio) of trimethyl silylmethyi methacrylate of the formula: 



so and a-trifluoroacrylic acid of the formula: 



55 • 2 I 



COOCH2£!i(CH3j2 



I 3 

CH- = C 



,C-OH 

!l 

in 
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were mixed, and admixed with 0.05% by moje of azobisisobutylonitril. The mixture was held at 60^C for 1 
hours, and the thus-obtained polymer product (hereinafter. Polymer No. 1) was. confirmed to be representc 
by the structural fonmula: 



) 7 ( CH^^ 



C-G-CH2Si(CH3)3 C-OH^ 



and to have a weight average molecular weight of 5.6 x iO^ 
Example 2: * 

\ • . . . ' , ■ • . • 

Synthesis of Polymer No. Z 

; A sarnie amount (molar ratio) of trimethyl sOylrhethyl-methaarylate of the fonmulia: : 

: : ' ch/ 

- : I 3 . ...... 



COOCH2Si(CH3),2 



25 and t-butyl-2-1ififluoromethyl acrylate of the fbrrhula; 



I 3 



CHj = C 



fG(CH3)3 
O 



were mixed, and copoiymerized in the manner described in Example 1. The thus obtained polymer produ 
35 (hereinafter. Polymer No. 2) was confinned to.t)e represented by the structurai formula: 



. :C-0-CH2Si(CH3)3. C-OC(CH3>3 



and to have a weight average niolecutar weight of 3.4 x 10^ 
Example 3: 



Forrnation of Single-layer Resist Pattern 

The Pplymer No. 1 obtalried In Example 1 was dissolved in nfiethylisobutylketone (MIBK) to prepare a ( 
50 gft MIBK solution thereof, and the MIBK resist solution was spin-coated at a layer thickness of about 2700 
. on a silicon wafer. 

The coated resist was prebaked for 5 minutes on a hot plate at 240*'C, and the prebaked resist was E 
scanned at an acceleration voltage of 20 KeV. After the EB exposure, the resist was developed with Isoprpp 
alcohol (IPA) for 30 seconds, and a satisfactory resist pattern haying no loss of tt^e thickness in the unexpose 
65. area of the resist was obtalried at a sensitivity of 14,4 ^C/cm^. 



35 
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Cpmf>aratfve Example 1: 

Fonriatlon of Sihgle-iayer Resist Pattern 

The resist solution containing polytrlmethylsllylmethyl methacrylate of the formula: 

I 3 • 



spin-coated at a layer thickness of about 2700 A on a silica 

The coated resist was EB-scanned afan acceleration voltage of 20 KeV. and then developed with a mixture 
ts (20 : 3) of IPA and H2O for 10 minutes. 

A satisfactory resist pattern was not obtained. Nanriely. it was found that the sensibvity was 1 0iA jiC/cm?, 
and the unexposed area of the resist had a loss of the thickness bf about 600 A In addition, a 3 urn line and 
space resolution could hpt be obtained. ' 

An extended developing time did not improve the above sensitivity. Further, the use of the mixture (20 : 1) 
20 of IPA and H2O as the developer caused a rapid and overall dissolving of the resist (within Several minutes) 
Namely, a resist pattern was notobkined. \ 

Comparathfe Example 2: . 

25. Formation of Single-layer Resist Pattern 

The resist solution containing the copolymer of trimethylsilylmethyl methacrylat^ with methacrylic acid rep- 
resented by the fonnula: 



C^O-CH2Si(GH3)3 i-OH 

• 0 ^ • o 



was spin-coated at a layer thickness of about 2700 A on a silicph w^fer. 

The coaled resist was prebaked for 8 minutes on a hot plate at 200^C, and the prebaked resist was EB- 
scanned at an acceleration voltage of 20 KeV. After the EB exposure, the resistwas developed with a mbcture 
(5 : 1 ) of IPA and H2O for 2 minutes, but a satisfactory resist pattern was not obtained. Sensitivity 
40 .144.0 nC/cm2 (bad). . 



Example 4: 

Formation of Single-layer Resist Pattern . . . , 
45 • The Polymer No. 2 obtained in Example 2 was dissolved.in methylisobutylketpne (MIBK) to prepare a 60 
g/f MIBK solution thereof, the MIBK resist solution was s0ln-coated at a layer thickness of about 2700 A on 
a silicon wafer. 

The coated resist was prebaked for 4 minutes on a hot platiai at 240*C, and the prebaked resist was EB- 
scanned at an acceleration voltage of 20 KeV. After the EB exposure, the resistwas developed with isopropyl 
50 alcohol (IPA)for30 seconds.:and a satisfactory resist pattern having no loss of the thickness in the unexposed 
areaof the resist was obtained at a sensitivity of 14.4 jiC/cm2^. . . 

Example 5: 

'55 FonnatiohofBNeyel Resist Pattern 

A phenolic novolaic resin resist ("OFPR", Tokyo Ohka) was spin-coated at a layer thickness of 2.0 nm on 
a silicon wafer, and hard baked for 1 hour in an oven at 2pb°C to obtain a bottom layer re^lsL Next,, the MIBK 
resist solution (same as those prepared in Example 3) was spin-coated at a layer thickness of about 3000 A 
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on the bottom layer resist to obtain a bi*levei resist Tlie thus-obtained bi-lev6l resist was prebaked for 5 minute 
on a hot plate at 240''C, and then EB-scanned at an acceleration voltage of 20 KeV. The resistwas develope 
. with isopropyl alcohol (IPA) for 30 seconds, and then postbaked for 20 minutes In an oven at 100''C. The wafi 
was placed in a parallel plates dry etching system, and dry-etched with 62 plasma (power 300 W, pressun 
5 0.03 Torr, and O2 flow ratia: 100 seem) for 4 minutes. Fine patterns (0.4 |im line and space) of the'top layi 
resist were exacOy b^nsfenfed to the bottom layer resist . 



Claims 

10 ■ . ■ ^ • ' . ' 

1. A high energy radiation-sensitive, pattem-fonmtng resist composition which contains* as a constitutibnt 
componehtthereof. a polymer of the following general fonmuia(l): . 

Rj CF3 



20.. 



4 



In which 

Ri represents a substituted or unsubstituted alkyl group, cyaho groupz-CHaOH or-CH2C02R wh( 
rein R represents a substituted or unsiubstituted alkyi gro 

R2 represents a hydrocarbon group contaihing at least o^^ 
25. . : Ra represents a group capable of causing a mssl?^^^ 

and ■.•■'■*• 
rn and ti each is an integer. ' 

2. A re^isjt composition.accdrding to claim.1, in which .the polymer is a copolymerlzation product of the sil 
30 con-cpntainlriga^ubstltutedacrytate of the general fohrnul^^^ 



? ' (Ilj 

^ ' ■ ' ■ ■ 

in which Rt and R2 are as defined above, and the d-triflupromethyl acrylate of the general formula (III): 
40 CH2=C(CF3)-GO-R3 (HI) 

in which R3 is as defined above. . 

3. A resist composition according to claim 1 or claim 2, in which 

Ri is CH3, CF3, CN, CHiOIH or CIHjCOiR wherein R is C,L€ alkyi; 
45 R2 is (CH2)pR4 wherein p is 0-3 and R4 is (CH2)qSi(CH3)3 (q=0-2). (CH2)qCH(CH3)3Si(CH3)3 (q=0-2 

(CH2)qC(CH3)2.Si(CH3)3 (Q-0^2). SI (CeHs) (CH3)2. Si(C6H5)2CH3, SI{C6Hb)3 or Si(CH3)2SI(CH3)3: and 
iRj is OH; GC (CH3)3, NH2 or NHCH2OH. 

4. A resist composition according to any preceding claim, which is positive-working, and is sensitive to elei 
50 tfon beams; X-rays, soft X-rays, ion beams, ultraviolet radiation or deep ultraviolet radiation! 

5. Use of a resist composition according to any preceding claim, to form resist patterns on a substrate in tt* 
production of semiconductor devices. 

55 6. Use according to daim 5, to fonn top-layer resist pattiems in a bMevel process^ 

7. A process forthe formation of a resist pattern; which comprises the steps of: 

coating onto a substrate ^ resist comprising a polymer of formula (I) as defined in iany of claims 
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baking the resist, to cause Ihemial cross-linking of the polymer/^ 

selectively exposing the baked resist to high energy radiation; to obtain a desired latent image pat- 
tern therein; and 

developing the pattern-wise exposed resist, to selectively remove the exposed area of the resist 

8.. A process according to claim 7, m which the resist is applied from a solution thereof in an organic solvent 
. onto the substrate surface. 

9. A process according to claim 7 or claim 8, in which the baked resist iS' exposed to a pattern of electon 
beams, X-rays, soft X-rays, Ion beams, ultraviolet radiation or deep ultraviolet radiation. 

1 0. A process according to.any of claims 7 to 9, in which developing is conducted with a liquid developer cap- 
able of setiectively dissolving the exposed area of the resist 

11. A process laccording to any of claims 7 to.lO. in which thie substrate hias stepped portions on a siirface 
thereof, a bottom layer resist of :^ resist material capable of levelling the tiheveh surface of the stepped 
substrate and a top layer resist containing the polymer of formula (I) are applied, in Sfsquence, onto the 
substrate surface tofonm a bi-level resist coating, the top layer resist is exposed to a pattern of high energy 
radiations, the pattern-wise exposed top layer res|st is developed to selectively remove an exposed area 
thereof, and the resulting pattern of the top layer resist is transferred to the underlying bottom layer resist 

12. A process according to claim 11, in which the t)Ottom layer resist comprises a phenolic novolak resin or 
. cresol novolak resin. . 

.13. A process according to claim 11 or claim 12. in which the pattern, of the top layer resist is transferred to 
. the. bottom layer resist by oxyigen-reactive ion-etching. 

14: A process according to any claims 7 to 13. which additionally comprises selectively etohing the substrate, 
the resist pattern being used as a mask. - 
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